%e have developed a general perturbative theory which describes how coherent wall interactions afFect the NMR spectrum of nuclear-spin-polarized gases in containers of any shape. The important practical case of cylindrical containers with quadrupolar wall interactions has been worked out completely. The basic results are quite simple. The frequency shift and damping of the NMR spectrum depend on seven fundamental parameters: U, the mean thermal velocity of spin polarized atoms; A, , the mean-free path of spin-polarized atoms in the gas; I, a characteristic linear dimension of the container; A, an asymmetry parameter of the container; (8), the mean twist angle experienced by the nuclear polarization of an atom as a result of a collision with the wall; (8~) , the mean-squared twist angle experienced by the nuclear polarization of an atom as a result of a collision with the wall; and P, the angle between the symmetry axis of the container and the direction of the quantizing magnetic Seld.
do not have quadrupole moments. The most obvious explanation for these efkcts is that the coherent interaction between the nuclear quadrupole moment and the electric 5eld gradient at the ce11 wall contributes to the relaxation of the nuclear spina. The coherent quadrupolsr interactions at the cel1 wall are also believed to be responsible for the beating signal first observed by Simpson in 'Hg and by Volk et al. ' for Kr snd ' 'Xe.
A typical beat signal, observed in our laboratory with experimental methods similar to those described in Refs. 5 and 6, is shown in Fig. 1(a) . The data were obtained from s cylindrical pyrex glass ce11, 12.8 mm in diameter snd 6.8 mm in height, which contained natural Rb metal, 5 Torr of ' 'Xe and 49.4 Torr of N2. The ' 'Xe nuclei were driven by s small magnetic field, oscillating at the Larmor frequency of the nuclei. The signal is proportional to the longitudinal magnetization of ' 'Xe nuclei in a 6xed, laboratory coordinate system, or to a component of the transverse magnetization in a rotating coordinate system. The Fourier transform of the signal is shown in Fig. 1(b) . As indicated in the figure, the three diferent frequencies which contribute to the transient come from the three hm = l transitions between the nuclear spin sublevels in the rotating coordinate system. The three transition frequencies are split because of the small, ensemble-averaged, quadrupole interaction of the nuclei with the ce11 walls. 3 This simple theory, in which the nuclei are assumed to continuously experience the ensemble-averaged electric field gradients of every surface site in the cell, gives a satisfactory description of the dependence of the beat period on the cell orientation in an external magnetic field, but the theory does not address the important question of how fast the atoms must diffuse to effectively sample the entire inner surface of the ce11. The purpose of this paper is to present s more complete, perturbative theory of the interaction between the nuclear spins and the cell wall. We apply the theory to the important practical case of a cylindrical cell with quadrupolar wall interactions, and we present simple formulas which allow one to use data like that of Fig. l to obtain precise, quantitative information about the mean quadrupole interaction and the mean-squared quadrupole interaction experienced by the nuclei of adsorbed atoms. Important information about the microscopic nature of the surface can be deduced from such data.
II. BASIC THEORY %e consider s gas of diamagnetic atoms, e. g., mercury or noble-gas atoms, contained in a glass cell. The cell is in s static magnetic field 8, which is in the z direction. The nuclear spin of the diamagnetic atom is K. 
Substituting (10) and (11) into (12) (14) and (7) into (13) 
Inverting (15) 
We note that the damping rate (35) In the next section we will show how perturbation theory can be used to obtain linear approximations like those of (35) for more realistic cell geometries and for more complicated and realistic normal gradient operators )M, where the nonperturbative methods sketched above do not work. These low-pressure, perturbative approximations are adequate for analyzing all experiments on coherent wall interactions which have been carried out so far.
D. Perturbation theory
As mentioned in Sec. I, the wall interaction for the noble-gas nuclear spin is generally very weak, i.e. , we can solve for the effects due to wall collisions by regarding 8 as a small perturbation of a cell with no wall re- The walls cause no frequency shift in this case. The plate separation is h and the mean thermal velocity of the spin-polarized atoms is U. The characteristic pressure p is de6ned in (32).
The gas is assumed to hinder the di8'usion of spin-polarized atoms to the walls but to cause no bulk-phase relaxation. (b) Nonperturbative predicted damping rate y' and frequency shift, y"' -0, for a parallel-plate cell with a complex accommodation coe%cient and a phase angle given by tan5=10. In contrast to the situation in (a), increasing the gas pressure causes the damping rate to increase. The low-pressure, straight-line approximations to the frequency shift and damping rates are shown with the dashed line and can be calculated for any cell geometry or wall interaction by perturbation theory.
To solve (38)- (40) 
The polarization of interest to us in cells with weakly relaxing walls will be very nearly described by the uniform mode, since the polarized atoms can diffuse freely throughout the cell with little relaxation on the walls, and they will therefore tend to fill the cell uniformly. Masnou-Seeuws and Bouchiats refer to this situation as that of "orieJIIation non conpnee %e will also be interested in cells with sufBciently low gas pressures and magnetic fields that for all a&0
One can verify from (42)- (46) that (46) Equation (58) 
We may write the zeroth-order difFusion equation (38) Let us consider the first-order correction to the zeroth-order solution (68). Substituting (68) and (69) into (39) 
where the prime means that terms with y~~'=y"' ' are to be excluded from the sum. In view of (70)- (72) In summary, the lowest-order corrections to y'g' which are linear in the gas pressure are given by the sum of (77), 5-C(EZE;n', n n')D-""A(a, P, 0)] . (103) We note that and also that p"}". . "(+1)=0. where we have assumed that the adsorption time~of the atoms on the wall has an exponential probability distribution with a mean sticking time r, We will . make the plausible assumption that the Quctuations are nearly isotropic, i.e. , we assume that the microscopic structure of the wall is suSciently rough that any tensor component of the field gradient will have approximately the same mean-squared amplitude as any other, and that correlations between different irreducible tensor components are zero. We further assume that the correlation in time of the fluctuating gradients falls oF exponentially with a time constant~, . Thus we write for the ensemble-averaged correlation function (107) Substituting (94) and (107) into (106) 
where the asymmetry parameter of the cylinder is (114) We also define a characteristic length I of the cell by
such that the mean rate at which an atom in the cell collides with the walls is I/r"=u/I .
Substituting (113)into (112) The contribution to the first term of (87) of the matrix element (110) of p' ' is r0; . = y &0IW"'; . I0) =Z((,0) .
The pressure-dependent damping associated with (128) 
From (89) (138) Substituting (102) and (137) into (141) 
